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STACKED CMOS IMAGE SENSOR AND
SIGNAL PROCESSOR WAFER STRUCTURE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to stacked water structure and
method of fabricating thereof, and more particularly, to a
stacked water structure having a trough silicon via penetrate
either a CIS waler or a ISP water to electrically connect the
device 1n the CIS water to the device 1n the ISP wafer.

2. Description of the Prior Art

General 1image sensors are roughly classified into charge
coupled device (CCD) image sensors and CMOS 1mage sen-
sors (CISs). Compared with the CCD image sensors, the CISs
are widely used 1n portable apparatuses.

A pixel array of a CIS includes a plurality of pixels, and
cach of the pixels may generate an 1mage signal from an
optical signal. In detail, each of the pixels integrates photo-
charges corresponding to the amount of light incident using a
photodiode and generates an analog pixel signal correspond-
ing to the mtegrated photocharges.

In general, the analog pixel signal output from each of the
pixels 1s converted 1nto a digital signal and then the digital
signal 1s image-processed by an image signal processor (ISP).

In a conventional fabricating process, the CIS circuits and
ISP circuits are formed on the same substrate, however,
results 1n an increase 1n the number of processes and high
cost. For example, a backside-i1lluminated (BIS) process 1s
often applied to the entire substrate to thin the substrate and
tabricate color filers on the back side of the substrate corre-
sponding to the CIS circuits. During the BIS process, the
substrate with the ISP circuits has no alternative but to
undergo the BIS process, which will increase the fabricating
time. Moreover, the line width of the ISP circuits will be
compromised because the CIS circuits and the ISP circuits are
fabricated by the same lithographic process, which may cause
degradation 1n the characteristics of the ISP device.

SUMMARY OF THE INVENTION

In this regard, methods and structures for assembling the
ISP water and the CIS watler at the chip level while both
reducing the size and improving the characteristics are pro-
posed.

According to one embodiment of the present invention, a
stacked watler structure comprising a CIS water, an ISP wafer,
a lamination layer, a through silicon via and a pixel device.
The CIS water includes a CIS substrate having a front side
and a back side opposing to the front side, a first dielectric
layer disposed on the front side of the CIS substrate and at
least one set of first conductive stack disposed within the first
dielectric layer. The ISP water comprising an ISP substrate, a
second dielectric layer disposed on the ISP substrate, at least
one set of second conductive stack disposed within the second
dielectric layer and at least one active device disposed on the
ISP substrate. The lamination layer 1s disposed between the
first dielectric layer and the second dielectric layer so as to
bond the CIS wafter to the ISP wafer. The through silicon via
penetrates the CIS waler and the lamination layer so as to
clectrically connects the first conductive stack to the second
conductive stack. The pixel device 1s disposed on the back
side of the CIS substrate.

According to another embodiment of the present invention,
a stacked water structure includes substantially the same
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clements as those in the forgoing embodiment except the
through silicon via penetrating the ISP water rather than the
CIS walfer.

According to another embodiment of the present invention,
a method of stacking walers comprising providing a CIS
waler and an ISP water, wherein the CIS water comprises a
CIS substrate, a first dielectric layer disposed on the CIS
substrate, at least one set of first conductive stack disposed
within the first dielectric layer, and the ISP water comprises a
ISP substrate, a second dielectric layer disposed on the ISP
substrate, at least one set of second conductive stack and at
least one active device disposed on the ISP substrate. Later, a
lamination layer 1s formed between the first dielectric layer
and the second dielectric layer. Thereatter, the first dielectric
layer of the CIS water bonds to the second dielectric layer of
the ISP wafer. Subsequently, the CIS substrate 1s thinned.
Finally, at least one through silicon via 1s formed to penetrate
one of the CIS waler and ISP wafer, wherein the through
s1licon via extends 1nto the lamination layer so as to connect
the first conductive stack to the second conductive stack elec-
trically.

These and other objectives of the present invention will no
doubt become obvious to those of ordinary skill in the art after
reading the following detailed description of the preferred

embodiment that 1s illustrated 1n the various figures and draw-
ngs.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1 to 7 are schematic cross-sectional diagrams of
fabricating a stacked wafer structure at various stages accord-
ing to a first preferred embodiment of the present invention.

FIGS. 1 to 3 and 8 to 11 are schematic cross-sectional
diagrams of fabricating a stacked wafer structure at various
stages according to a second preferred embodiment of the
present invention.

FIG. 12 depicts schematically a stacked wafer structure
formed by a method provided 1n the present invention.

DETAILED DESCRIPTION

FIGS. 1 to 7 are schematic cross-sectional diagrams of
tabricating a stacked wafer structure at various stages accord-
ing to a first preferred embodiment of the present invention. It
1s understood that FIGS. 1 to 7 have been simplified for a
better understanding of the inventive concepts of the present
disclosure and may not be drawn to scale.

With reference to FIG. 1, a CMOS 1mmage sensors (CIS)
waler 10 and an 1mage signal processor (ISP) water 30 are
provided. The CIS water 10 includes a CIS substrate 12
having a front side 14 and a back side 16, an interlayer
dielectric layer 18 disposed on the front side 14 of CIS sub-
strate 12, at least one set of conductive stack 19 disposed
within the interlayer dielectric layer 18. The conductive stack
19 may include numerous metal vias and pads. The upmost
layer of the conductive stack 19 defined as a last metal 119
which 1s exposed through the interlayer dielectric layer 18
and often serves as a bonding pad. The front side 14 ofthe CIS
substrate 12 1s opposing to the back side 16 of the CIS sub-
strate 12, and facing away from the interlayer dielectric layer
18. Furthermore, at least one transistor (not shown) may be
formed on the CIS substrate 12 and connects to the conduc-
tive stack 19 electrically. The transistor can be a reset transis-
tor, a source follower, a row selector or other types of tran-
sistors. A pixel region (not shown) for receiving an incident

light formed within the CIS substrate 12.
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The ISP water 30 comprises an ISP substrate 32, an inter-
layer dielectric layer 38 disposed on the ISP substrate 32, at
least one set of conductive stack 39 and at least one active
device 40 such as a transistor are disposed on the ISP sub-
strate 32. The conductive stack 39 may include numerous
metal vias and pads. The upmost layer of the conductive stack
39 defined as a last metal 139 which 1s exposed through the
interlayer dielectric layer 38 and often serves as a bonding
pad. The active device 40 may be a transistor embedded

within the mterlayer dielectric layer 38 or embedded within
the ISP substrate 32. FIG. 1 takes the active device 40 embed-

ded within the interlayer dielectric layer 38 as an example.
The CIS substrate 12 and the ISP substrate 32 may indepen-
dently be a bulk silicon substrate, a germanium substrate, a
gallium arsenide substrate, a silicon germanium substrate, an
indium phosphide substrate, a gallium mitride substrate, a
s1licon carbide substrate, or a silicon on mnsulator (SOI) sub-
strate. The conductive stacks 19/39 are preferably formed by
metal such as copper, aluminum, aluminuim copper or other
conductive materials. Moreover, the interlayer dielectric lay-
ers 18/38 may be silicon oxide, silicon mitride, silicon oxyni-
tride or other insulating materials. The top surface of the
interlayer dielectric layers 18/38 can be planarized by chemi-
cal mechanical polishing.

As show 1n FIG. 2, a bonding step 1s performed by forming
a lamination layer 42 such as silicon oxide or silicon nitride
on top surface of the interlayer dielectric layer 18 or on the on
top surface of interlayer dielectric layer 38. Alternatively, the
lamination layer 42 can be formed on both top surfaces of the
interlayer dielectric layer 18 and the interlayer dielectric layer
38. Then, the CIS substrate 12 and the ISP substrate 32 are
disposed facing to opposite directions, and the lamination
layer 42 1s sandwiched between the interlayer dielectric layer
18 and the interlayer dielectric layer 38. Thereaftter, the CIS
waler 10 and the ISP water are bonded together by annealing,
the lamination layer 42. Specifically, the interlayer dielectric
layer 18 of the CIS water 10 1s bonded to the interlayer
dielectric layer 38 of ISP water 30 through the lamination
layer 42.

The following FIG. 1 to FIG. 7 will 1llustrate schematic
cross-sectional diagrams of fabricating a stacked wafer by
utilizing an ISP wafer as a carrier according to a first preferred
embodiment. As shown 1n FIG. 3, after bonding the CIS wafer
10 and the ISP water 30 together, the ISP water 30 1s disposed
below the CIS water 10 to serve as a carrier waier, and the
back side 16 of the CIS substrate 12 1s thinned. It 1s note
worthy that when thinning the CIS substrate 12, the ISP water
30 supports the CIS water 10 and prevents the CIS water 10
from breaking.

FIGS. 4 to 5 show a first method for performing a backside
pad etch to form a through silicon trench 44 1n the CIS water
10 and the interlayer dielectric layer 38.

As shown 1n FIG. 4, a backside pad etch 1s performed by
ctching the back side 16 of the CIS substrate 12 and forming
a through silicon trench 44 penetrating the CIS substrate 12.
At this point, the through silicon trench 44 takes the interlayer
dielectric layer 18 as abottom 46. Later, an insulating layer 48
1s formed to conformally cover a sidewall 50, the bottom 46 of
the through silicon trench 44 and the back side 16 of the CIS
substrate 12. The mnsulating layer 48 may be silicon oxide or
silicon nitride. Please refer to FIG. 5, the msulating layer 48
on the bottom 46 of the through silicon trench 44, the lami-
nation layer 42, and the interlayer dielectric layers 18 are
ctched to extend the through silicon trench 44 into the inter-
layer dielectric layers 18 and the lamination layer 42, and the
etch step 1s stopped on the last metal 139. At this point, both
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4

of last metals 119/139 are partly exposed through the
extended through silicon trench 44.

FIG. 6 show a second method for performing the backside
pad etch to form a through silicon trench 44 1n the CIS water
10 and the interlayer dielectric layer 38, wherein like refer-
ence numerals are used to refer to like elements throughout.
As shown 1n FIG. 6, at least a pair of deep trench 1solations
52/54 are formed 1n the CIS substrate 12. Later, a through
silicon trench 44 1s formed between the two deep trench
isolations 352/54. Furthermore, the through silicon trench 44
penetrates the CIS wafer 10 and extends into the lamination
layer 42. Moreover, the last metals 119/139 are exposed
partly through the through silicon trench 44. The method in
FIG. 6 can also be applied to the method illustrated 1n FIG. 4
to FIG. 5§ by forming deep trench 1solations 52/54 before the
through silicon trench 44.

FIGS. 4 to 5 and FIG. 6 illustrate two different methods to
form the through silicon trench 44. The two methods can be
performed based on different requirements. However, the
following figures will take the first method illustrating 1n
FIGS. 4 to 3 as an example.

Please refer to FIG. 7, a liner (not shown) and a barrier (not
shown) can be formed conformally in the through silicon
trench 44. Then, the liner and the barrier at the bottom of the
through silicon trench 44 1s removed. Later, a conductive
layer 56 such as copper, aluminum, aluminuim copper or
other conductive materials fills 1n the through silicon trench
44 and formed on the insulating layer 48. After that, the
conductive layer 56 on the insulating layer 1s patterned to
form at least one pad 58, and the conductive layer 56 in the
through silicon trench 44 serves as a through silicon via 60.
The through silicon via 60 contacts the exposed last metal 119
and the last metal 139, therefore electrically connects the
conductive stack 19 to the conductive stack 39.

Please continue to refer to FI1G. 7. After the through silicon
via 60 1s formed, at least one pixel device 62 1s fabricated on
insulating layer 48 disposed on the back side 16 of the CIS
substrate 12. The pixel device 62 may include numerous color
filers 66 and microlens 64. At this point, a waler stack struc-
ture 100 fabricated according to the first preferred embodi-
ment of the present invention 1s completed.

The following FIGS. 1 to 3 and 8 to 11 will show schematic
cross-sectional diagrams of fabricating a stacked wafer struc-
ture by penetrating the ISP substrate to form a trough silicon
via according to a second preferred embodiment of the
present invention, wherein like reference numerals are used to
refer to like elements throughout. It 1s understood that FIGS.
8 to 11 have been simplified for a better understanding of the
inventive concepts of the present disclosure and may not be
drawn to scale.

As shown 1n FIGS. 1 to 3, a CIS water 10 and an ISP water
30 are provided. Subsequently, the CIS water 10 and the ISP
waler 30 are bonded together through the lamination layer 42.
Later, the CIS substrate 12 1s thinned. The detail descriptions
for the tabricating steps 1n FIG. 1 to FIG. 3 are disclosed in the
previous paragraphs; an accompanying detail description 1s
therefore omaitted.

Please retfer to FIG. 8, 1n continuous from FIG. 3, an 1nsu-
lating layer 48 1s formed on the back side 16 of the CIS
substrate 12. Then, a pixel device 62 i1s formed on the insu-
lating layer 48. The pixel device 62 may include numerous
color filers 66 and microlens 64. As shown in FIG. 9, a
transparent layer 68 such as a glass 1s formed above the back
side 16 of the CIS substrate 12 and covers the pixel device 62.
The transparent layer 68 may be bond to the back side 16 of
the CIS substrate 12 through a connecting post 70.
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As shown 1n FIG. 10, at least one through silicon trench 44
1s formed to penetrate the ISP wailer 30 and the lamination
layer 42 and stop on the last metal 119. The last metal 119 and
the last metal 139 are exposed through the through silicon
trench 44. Specifically speaking, the through silicon trench 44
1s formed by taking the transparent layer 68 as support to etch
the ISP substrate 32 and the lamination layer 42. Thereafter,
an 1nsulating layer 148 1s formed to conformally cover a
vertical wall 150 and a horizontal wall 146 of the through
silicon trench 44. The msulating layer 148 covers a back side
116 of the ISP substrate 32 as well.

Please refer to FIG. 11, an etch process 1s performed to
remove the insulating layer 148 disposed on the horizontal
wall 146 of the through silicon trench 44 so as to expose the
last metals 119/139 partly. After that, a conductive layer 56
such as copper, aluminum, aluminuim copper or other con-
ductive materials {ills in the through silicon trench 44 and
formed conformally on the insulating layer 148, and on the
exposed last metals 119/139. Later, the conductive layer 56
on the insulating layer 148 1s patterned to form a pad 58 or a
redistribution layer (RDL) (not shown). The conductive layer
56 1n the through silicon trench 44 serves as a trough silicon
via 60. Before the conductive layer 56 1s formed, a liner (not
show) and a barrier layer (not show) can be formed in the
through silicon trench 44. Finally, a passivation layer 152 1s
formed 1n the through silicon trench 44 and on the back side
116 of the ISP substrate 32. At this point, a waler stack
structure 200 fabricated according to the second preferred
embodiment of the present invention 1s completed. It 1s note-
worthy that the passivation layer 152 and the insulating layer
148 sandwich the conductive layer 56.

As show 1n FIG. 12, the fabricating method of the through
silicon via shown 1n FIGS. 10 to 11 can also be applied to
form a heat control via 72. The heat control via 72 can con-
nects to numerous pads 76 and vias 74 for cooling down the
ISP wafer 30 and CIS water 10.

FI1G. 7 depicts schematically a stacked wafer structure 100
formed by the method provided 1n the present invention. As
shown 1n FIG. 7, a stacked water structure 100 includes a CIS
waler 10, an ISP watfer 30, a lamination layer 42, a through
s1licon via 60 and a pixel device 62. The CIS water 10 bonds
to the ISP water 30 through the lamination layer 42. The CIS
waler 10 includes a CIS substrate 12 having a front side 14
and a back side 16 opposing to the front side 14, an interlayer
dielectric layer 18 disposed on the front side 16 of the CIS
substrate 12 and at least one set of conductive stack 19 dis-
posed within the imterlayer dielectric layer 18. The conductive
stack 19 preferably includes numerous metal vias and pads.
The upmost layer of the conductive stack 19 defined as a last
metal 119 which 1s exposed through the interlayer dielectric
layer 18 and often serves as a bonding pad. Furthermore, at
least one transistor (not shown) may be formed on front side
14 the CIS substrate 12 and connects to the conductive stack
19 eclectrically. The transistor can be a reset transistor, a
source follower, a row selector or other types of transistors. A
pixel region (not shown) for receiving an incident light
formed within the CIS substrate 12.

The ISP water 30 includes an ISP substrate 32, an inter-
layer dielectric layer 38 disposed on the ISP substrate 32, at
least one set of conductive stack 39 disposed within the inter-
layer dielectric layer 38 and at least one active device 40
disposed on the ISP substrate 32. The conductive stack 39
preferably include numerous vias and pads. The upmostlayer
of the conductive stack 39 1s a last metal 139 which 1s exposed
through the interlayer dielectric layer 38 and often serves as a
bonding pad. The active device 40 can be a transistor embed-
ded within the interlayer dielectric layer 38 or embedded

10

15

20

25

30

35

40

45

50

55

60

65

6

within the ISP substrate 32. The active device 40 may be
connecting to conductive stack 39 electrically.

In addition, the lamination layer 42 1s disposed between the
interlayer dielectric layers 18/38. The lamination layer 42
may be silicon oxide or silicon mitride. The pixel device 62
may 1nclude numerous color filers 66 and microlens 64. The
stacked water structure 100 further includes an insulating
layer 48 surrounding the through silicon via 60 within the CIS
substrate 12.

In this embodiment, the through silicon via 60 penetrates
the CIS water 10 and the lamination layer 42, and through
s1licon via 60 directly contacts the last metals 119/139 so as to
clectrically connect the conductive stack 19 to the conductive
stack 39.

FIG. 11 depicts schematically a stacked wafer structure
200 formed by another method provided 1n the present mven-
tion. The difference between the stacked wafer structures
100/200 respectively in FI1G. 7 and FIG. 11 1s that the through
silicon via 60 1n FIG. 11 penetrates the ISP watfer 30 and the
lamination layer 42, and the through silicon via 60 stops on
the last metal 119. By contacting the last metals 119/139, the
through silicon via 60 electrically connect the conductive
stack 39 to the conductive stack 19. Alternatively, the through
silicon via 100 1n FIG. 7 penetrates the CIS water 10 rather
than ISP watfer 30. Moreover, the stacked watfer structures
200 1n FIG. 11 further includes a transparent layer 68 such as
a glass 1s disposed above the back side 16 of the CIS substrate
12 and covers the pixel device 62. Furthermore, the profile of
the through silicon via 60 1n FI1G. 11 1s shaped by the through
silicon trench 44, and a passivation layer 152 1s filled 1n the
through silicon trench 44. The through silicon via 60 sur-
rounds the passivation layer 152 1n the through silicon trench
44.

FIG. 12 depicts schematically a stacked wafer structure
300 formed by yet another method provided 1n the present
invention. The difference between the stacked wafer struc-
tures 200/300 respectively in FIG. 11 and FIG. 12 1s that a
heat sink structure 78 1s further included 1n the stacked water
structure 300. As shown 1n FIG. 12, a heat control via 72
penetrates the ISP water 30 and the lamination layer 42. A
plurality of pads 76 and vias 74 are disposed in the interlayer
dielectric layer 18. The heat control via 72 connects to numer-
ous pads 76 and vias 74 to form a heat sink structure 78 for
cooling down the ISP water 30 and CIS water 10. Other
clements 1n FIG. 11 and FI1G. 12 are substantially the same as
those 1n the embodiment of FIG. 7; an accompanying expla-
nation 1s therefore omitted.

The present invention bond the CIS wafer to the ISP water
by a lamination layer to form a stacked water. It 1s note worthy
that at least one trough silicon via penetrates either CIS water
or ISP wafer to electrically connect the devices on the CIS
waler to the device on the ISP wafer.

Those skilled 1n the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.
Accordingly, the above disclosure should be construed as
limited only by the metes and bounds of the appended claims.

What 1s claimed 1s:
1. A stacked wafer structure, comprising:
a CIS waler comprising:
a CIS substrate having a front side and a back side
opposing to the front side;
a first dielectric layer disposed on the front side of the
CIS substrate; and
at least one set of first conductive stack disposed within
the first dielectric layer;
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an ISP watfer comprising:
an ISP substrate;
a second dielectric layer disposed on the ISP substrate;
at least one set of second conductive stack disposed
within the second dielectric layer; and
at least one active device disposed on the ISP substrate;
a lamination layer disposed between the first dielectric
layer and the second dielectric layer so as to bond the

CIS water to the ISP water:

a through silicon via penetrating the CIS wafer and the
lamination layer so as to electrically connects the first
conductive stack to the second conductive stack; and

a pixel device disposed on the back side of the CIS sub-
strate.

2. The stacked water structure of claam 1, wherein the
active device comprises a transistor.

3. The stacked water structure of claim 1, wherein a pixel
device comprises a plurality of color filers and a plurality of
microlens.

4. The stacked water structure of claim 1, further compris-
ing an insulating layer surrounding the through silicon via
within the CIS substrate.

5. The stacked water structure of claam 1, wherein the
lamination layer comprises silicon oxide or silicon nitride.

6. A stacked waler structure, comprising;:

a CIS waler comprising;:

a CIS substrate having a front side and a back side
opposing to the front side;

a first dielectric layer disposed on the front side of the
CIS substrate; and

at least one set of first conductive stack disposed within
the first dielectric layer;
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an ISP waler comprising:
an ISP substrate:
a second dielectric layer disposed on the ISP substrate;
at least one set of second conductive stack disposed
within the second dielectric layer; and
at least one active device disposed on the ISP substrate;
a lamination layer disposed between the first dielectric
layer and the second dielectric layer so as to bond the

CIS wafter to the ISP water;

a through silicon via penetrating the ISP water and the
lamination layer so as to electrically connects the first
conductive stack to the second conductive stack; and

a pixel device disposed on the back side of the CIS sub-
strate.

7. The stacked water structure of claim 6, wherein the

active device comprises a transistor.

8. The stacked water structure of claim 6, wherein a pixel
device comprises a plurality of color filers and a plurality of
microlens.

9. The stacked water structure of claim 6, further compris-
ing an insulating layer surrounding the through silicon via
within the ISP substrate.

10. The stacked water structure of claim 6, further com-
prising a transparent layer disposed on the pixel device.

11. The stacked water structure of claim 6, further com-
prising a heat sink structure, wherein heat sink structure com-
Prises:

a heat control via penetrating the ISP water and the lami-

nation layer; and

a plurality of pads and vias connecting to the heat control

via, the pads and vias disposed 1n the first dielectric
layer.
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